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THE STRUCTURE AND PROPERTIES OF A NON—CARBON CONTAINING BCC
IRON ALLOY AT ROOM AND ELEVATED TEMPERATURES

V. F Zackay, E. R. Parker, and D. Bhandarkar
ABSTRACT |

.AvLé§e§>§hése Fé2Ta, wés utilized to obtain.good room and elevated
‘;;temperature propertles in an 1ron based, carbon- free, BCC elloy cqytaln—
Nlng one_gtomlg perqent-Ta and T atqmlc percent Cr. . The FeeTa prec1p1tate E
‘3giﬁastph¢fdi§i2ed-to enhance rqu temperature duéfll;ty and tqughness;urit
;ﬁas:stqblé éndugh at high témperatures to provide-gébd-creep resistance.
The allo&hhad'a yield stféngth of‘6l,000 psi at room temperature, but the
, yiéldféﬁfength aid ﬁdtNdrop precipitously until témperatures in the neigh-
-bthéoa'QfIlBOO9FLwere'fegqhed. Stress-rupﬁure tgsts carried éut at
‘VarioﬁsfgéqStaﬁt'léadsNand'temperatures indicafed'that the_élldy'could
withstand'reaS6habiy high stresses‘for long periods of time at teﬁpera—
tures up to about 1100°F. AboVe abéut llOO°F.tﬁé creep streﬁgth dropped
‘”NAto-low;vglges A comparlson w1th the - mechanlcal propertles of ex1st1ng
méférialsvindlcated that the Fe—Ta-Cr_alloyvhad creep propertles superior
,tbvmany_étéeis currently used in the 600°-1100°F femperature range. The
superior pfoﬁerties wefe‘attributed ﬁo the stabiliéation of the matrixr
_t‘subsﬁructure byﬂthe Fé2Ta.precipitate which ié much more stable in this
ﬁémperature_rangé thah fhé.cgfbidesvuSed for strengthening currehﬁly”u;éd
‘steels;NvSeVeral hegfvtNeatmentévwere inveétigated in order to optimize
v‘propertieé.' Informatlon galned from research on the Fe—Ta—Cr alloy is

,Abeing uthlzed to develop addltlonal alloys. qome of these are expected

to be useful up to 1500°F
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INTRODUCTION

Most commerc1al creep resistant materials derlve their strength
from a flne dispersion of a second phase which hlnders thevmovementvof
. dislocations;f In creep resistant ferritic steels, the fine dispersion
almost invariably consists of carbides, whereas in high nickel content
superai;oyS, the dispersed phase may be an intermetallic compound such

as Ni Ti. The particle size, distribution and volume fraction of the

3"

o second phase, the degree of its coherency, and the mechanical propertles‘

of the matrlx all affect the creep res1stance of dispersion strengthened
_ alloys. 'The thermal stablllty of the second phase particles is also an
.-important'factor(l)

The morphology and composition of carbide part1cles tend to change
slowly at elevated temperatures and thlS often results in an increase in
creep rate., An example of such an effect is the loss in creep strength
of OQlC—l.OCr—O.S Mo steel after long time'eXposure at service becausev
- of the formatlon of an McC type of carbide(2). |

_The concept of u51ng 1ntermetalllc compounds rather than carbldes,-
for 1ncreas1ng the high temperature strength of alloys is decades old,
but progress toward this object has been slow. The status of such work

-was summarized recently by Decker 1n;hls paper'on superalloys(3). The
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compound Ni (Al Ti) plays an important strengthen1ng ‘role, but carbon .
in amounts ranglng from 0.05 to O. lS percent is considered to be essen-
l»tlal for h1gh temperature strength Experiments 1n'wh1ch carbon was
reduced to very low levels in superalloys resulted in “z.,;.sharply

- reduced creep llfe and ductllity . "(3).

As previously mentloned, carbide particles coarsen at relatively
rapld rates at creep temperatures, but’ according to Decker so do partl—'
cles of Nl (Al T1) The effects of other 1ntermeta111c compounds such’

as the S1gma phase have also been 1nvest1gated by Mihalisin et al(l),
t who found that the presence of 51gma lowered both stress—rupture and

'room temperature strengths. Decker also summarlzed ‘the status of know-

vledge about the effects ‘of the Laves phase partlcles on strength " He =

'concluded that 1n general when the Laves phase is present in 31gn1f1cant

amounts 1t ";;Q.. an degrade room temperature ductlllty w1th little :'-

effect[on'creep propertles.' The results from the present 1nvest1gat10n |

show,:however; that:with microstructural control, satlsfactory values of

room temperature strength and ductlllty, as well as good stress—rupture
llfe,'can be attalned in very low carbon alloys strengthened with the .

2

:'Laves phase Fe Ta.
Recently 1t was demonstrated by Jones, et al(S) that the brlttle-

'v;ness whlch ‘was due to the presence of a continuous network of the Laves;v;

phase at the ferrlte grain boundarles, could be overcome by a s1mple

heat treatment whlch sper01dized the prec1p1tate. The objectlve of the 1,

present 1nVest1gat10n was to explore means for producing ferr1t1c alloys

»'wlthout deleterlous graln boundary networks of the Laves phase.
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‘_The‘transformation temperatures, a +> y and y > 8§, are high in binary
ifon-tantalum alloys, and it was considered deslrable.to lower these tem-
peratures to a'range more suitable for heat treatments by adding a thifd
Qelement to'the alloy. Chromium was chosen:for this nurpose;:its effect

is shown in Table I(6).

EXPERIMEﬁTAL PROCEDURE

- The alloy‘With.a nominal compoéition of'onevatonic percent Ta and
7'&tomi6lperCentvCr in“iron was chosen for creep studiés. It was melted
“in.an induction;furnace and_east into 20 1b. lngots'in_an argon atmos-
phere.,'The_lngots Were homogenized at 1100°C for 3vdays and forged at
i llOoOC.into plates 9/16" thick. . Specimen blanks for cteep tests nere ont
from- these plates, they were rolled to 1/4" thlck sheets for tensile
specimens. The blanks were encapsulated in quartz tubes with an argon
atmosphere and solution treated for l hour at 1320°C. This was followed :
by ‘a hot - water (70°C) quench ‘and an aging treatment in a salt bath at
7QO°C:fo: §0 minutes. Stainless steel bags were used to protect the
pianks»auriﬁg the anbsequentvspheroidizing treatment, which‘was‘carried
ont at.llOOQC.‘ The complete heat treating c&cle is schematically shown
~in F'ig. 1.»" |

l Uniaxial ten51le tests were conducted on flat specimens 0 2 1nch
thick'and a gage section of one inch. An Instron outfitted with a fur-
nace and an'inert'atmosphere'chamber was used for'elevated temperature
vtensile tests.l The strain ratebemployed was 0.04 per minute. Constant
;1oad'o?eepland stress-rupture tests were carried out:on cylindrical
apecimenslthat‘had‘a 1/4" diamter, 1.5 inches long gage section. Strains

were measured with a dial gage extensometer.



. Table I." Phase Transformation Temperatures for Fe-Ta-Cr Alloys'

-3a-

SR Alloy Composition

Phase Transformations
and. Temperatures (°C)

a+y [ Y*§ y+ 86+ 68 or
: Fe,Ta + § > §
% o

Fe-1 at pct Ta 974 | 1238 1340
Fe-1 at pet Ta-3 at pet Cr .| 890 1230 1300
Fe-1 at pct Te-5 at pet Cr 880 1210 1280
Fe-1 at pct Ta-T at pet Cr | 870 | 1160 1250

‘I
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The fracture surfaces of tensile and creep specimens were studied
inta JEOL scanning electron microscope. Optical metallography was
emplqyed for structural ‘studies, and dilatometry was used for determin-

ing transformation temperatures.

- RESULTS AND DISCUSSION
The fe4rich poition of'the'equilibrium'phase diagram of the Fe-Ta
system.is etown in Fig.’Z(T). There are three solid solution regions,
'av(bcc), y (fcc) and & (bce). The intermetallic compouﬁd, Fe2Ta, ie a
@aves ?hase, and it has'aﬁ heXagonai MgZh2 structure. The & phase decom-
'tpqses;eptectoidelly'et 1?939Cvin accerdance with the following reaction:
& (1.1 at ptt Ta_)«# y (0.5 at pct Ta) + Fe,Ta
Tﬂety phase reacts'paﬁmectqidally'with Fe2Ta at 9T4°C to produce the a
selid solutidn:
o ¥ »(Q.-3,-at,pct’Ta)‘ +'-Fe2Ta +a (0.6 at pet Ta).
'Chromiuﬁ additibns chahge the cOméositions and temperatures of these
,tré.nsfo’fmatidns, as:shown ivn Tgble I. The a >y e.n'd Y + § transforma-
‘tion teﬁperetufes were obtained By diiatometry and the (y + 6)-+ 8 and
(Fe Ta + §) + § temperatures were determlned by metallography
Mlcrostructures of the Fe-1Ta-TCr alloy are shown in Fig. 3 for
various stages of heat treatment. The structure of the alloy in the
solution treated condition was characterized by large grains of the
retained § phase, (approximate;y 1 mm in average grain diameter), and by
. an almost continuous greih boundary network of precipitate. When the

ailoy was aged et 700°C, additional precipitate formed within the grains,

but there was no noticeable change in the grain boundary network.
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:.MicrohardneSS'Was‘measured;after'various"aging times; there was a maxi-
_mum at 40 minutes;‘ashshown in.Fig. 4(6). The microstructure of the
alloy 1n the peak hardness condltlon is shown in Flg 3(a). When the

-.aged alloy was. heated to llOO°C the matrlx transformed to the face

o ,centered cub1c solld solution and the graln boundary prec1p1tate

‘ pher01d1zed On cooling from the Y phase field the matrix agaln
transformed to a, :w1th a‘consequent reflnement in graln'51ze. The

' structure after this treatment con81sted of spher01d1zed prec1p1tate
partlcles Ain a matrlx of a, -as shown 1n Fig. 3( )_

The ‘tensile propertles of the Fe-lTa—TCr alloy, after aglng at
700°C for: hO mlnutes, are plotted as a function of the test temperature
Sin Flg 5 - Both the yield strength and the ult1mate ten51le strength
became 1ower as’ the test temperature was 1ncreased The decrease in

yield strength was gradual up to about 600°C, at thls temperature the

'zyleld strength was about 70 percent of the room temperature value.v Both __.f

the yield and the ultlmate strengths decreased more rapldly as the test
‘Vtemperature was 1ncreased’above 600°C‘ - The scann1ng electron fracto-
, graph of the ten31levspec1men tested at 22°C is shown in Flg. 6(a)
'Fracture occurred 1n a brlttle fashion along the preclpltate network at
. the graln boundarles. More ductile behavior was observed as the test
pltemperature was ralsed (Flg. 6(b), (c) and (d)) | '

The room temperature fracture behav1or was changed from brlttle to -
ductllerby:thexspher01d1z1ng heat treatment that-followedvagrng.ﬂ'The;
bfracturelsurface-ofhthe_tenslleispecimen tested:atlroom.temperatupg.n

after_spheroidizing at 1100°C for lO minutes_is shown in Fig. 7. 1In
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this figure;_there is evidence of a significantiamount of plastie.defor; '
'mation,'although the size of the dimples visible in Fig. 7 did not
eorrespond"to the size of the large grains of the § phase that existed

) hefore spheroidizing. Voids apparently vere nucleated at the interfaces

'between Fe Ta partlcles and the matrix, and the microcracks thus formed

27
presumably controlled the dimple size The yield strength ten51le
strength and elongation are plotted as a function of the test tempera-
v ture 1n‘F1g 8 for the alloy in spher01dized condltion. The results
were similar to. those shown in Fig 5 for the aged alloy except that
the values of all properties were higher " The 1mprovements were due to ;'”
theé combined effects of spher01dlzat10n of the grain boundary precipi- -
tate-and'the reduotion in grain size. |

Short.time tens1le properties do not prov1de adequate 1nformat10n
about hléh temperature strength ‘and so0 creep-rupture tests were made on
1the Fe—lTaf7Cr alloy. The temperatures selected1for evaluatlon_were
1000 and llOO°CF ( 538 and 593°C).  Stress vs time_ to ;-uptufe‘ aste ’aré_ | .
plotted in Figs 9 and 10. Also shown in the figures are the stress—
rupture properties reported in the literature for 1 Cr-lMo—O 25V steel
and ho3, 410 and 422 stainless steels(8).- Both at 1000°Fand 1100°F,,
the FeelTa-7Cr alloy results were above those reported for the 403 and
| th stainless steels} but below those: for the 422 stainless steel.and'v
the 1 Cr-lMo-O.ZSV_steel. | |

The strengthening effect_of molybdenum in solid'Solution.in ferrite
is well known, so 0.5 pereent of molybdenum was added to the Fe-lTa-?Cr ’

t

basic composition in another alloy. The expected strengthening was
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';-jfoundvﬁhen.streSS—rupture'teStsiwere made'at llOO°F_en thevmedified'

l 'alloy The results are shown in Flg 10(9) o

The prellmlnary results obtalned to date’ w1th Laves-phase strength-'-
'v_ened alpha iron. have clearly shown that such alloys can be made ductlle

- at both room-and elevated temperatures.:vAlso there is an indication

- from the results of the 0. 5 percent molybdenum alloy that w1th optlmiza—
._tlon of creep and stress—rupture propertles by alloy modlflcatlon Laves—'
phase.elloys may flnd;a,useful_place among h;ghvtempereture‘englneerlng

. materials.
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FIGUREUCAPTIONS'

. 10 .

Heat treatlng cycle for the Fe—lTa—?Cr alloy.~

Iron-rlch portlon of the equlllbrlum phase dlagram of the Fe-Ta
system ' :

v Mlcrostructures of the Fe-lTa-?Cr alloy (a) Aged at T00°C for
40 minutes " (b)’ Aged at 700°C ‘and. spher01d1zed at 1100°C for 10
minutes. . .

l»Hardness vs aglng t1me curve for the Fe-lTa-?Cr alloy aged at 700°C

: Yield strength, ultimate tensile strength and elongation to fracturehﬁ;

of the Fe—lTa-7Cr alloy, aged at 700°C for hO m1nutes, at the

'1nd1cated test temperatures

;Scannlng electron fractographs of the Fe-- lTa—?Cr alloy, aged at v
~700°C for 40 minutes, tested at temperatures (a) 22°C (b) 200°C o
< (e) hoo°c and (d) 6oo°c. '

Scannlng electron fractograph of the Fe-lTaf7Cr alloy, spher01dized

at’ 1100°C for 10 mlnutes, tested at 22°C.

'Yield strength ultimate tensile strength and- elongation to fractureh
of the Fe- 1Ta-7Cr alloy, spher01d1zed at 1100°C for 10 mlnutes, at
the 1nd1cated test temperatures

’ Stress vs rupture time at 1000°F (538°C) for the spheroidized .
‘Fe-1Ta-TCr alloy. ‘Also shown are the results. reported in the:
literature for the 1Cr-1Mo-0. 25V steel and the h03, th and h22 '
~ stainless steels(8) : :

Stress vs rupture time at 1100°F (593°C) for the alloys mentioned

~in Fig. 9. "Also. shown - are the prellmlnary results on. the
Fe-lTa-TCr-O SMo alloy ' . A -
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